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EXECUTIVE SUMMARY 
 
 
Background 
The onsite treatment of sewage and effluent disposal is widely prevalent in rural and 
urban fringe areas due to the general unavailability of reticulated wastewater collection 
systems. Despite the low technology of the systems, failure is common and in many 
cases leading to adverse public health and environmental consequences. It is important 
therefore that careful consideration is given to the design and location of onsite sewage 
treatment systems. This requires an understanding of the factors that influence treatment 
performance. 
 
The use of subsurface absorption systems is the most common form of effluent disposal 
for onsite sewage treatment, particularly for septic tanks. Also, in the case of septic 
tanks, a subsurface disposal system is generally an integral component of the sewage 
treatment process. Site specific factors play a key role in the onsite treatment of sewage. 
 
The project 
The primary aims of the research project were: 
 to relate treatment performance of onsite sewage treatment systems to soil 
conditions at site; 
 to evaluate current research relating to onsite sewage treatment; and, 
 to identify key issues where currently there is a lack of relevant research. 
 
These tasks were undertaken with the objective of facilitating the development of 
performance based planning and management strategies for onsite sewage treatment. 
The primary focus of this research project has been on septic tanks. By implication, the 
investigation has been confined to subsurface soil absorption systems. The design and 
treatment processes taking place within the septic tank chamber itself did not form a 
part of the investigation. Five broad categories of soil types prevalent in the Brisbane 
region have been considered in this project. The number of systems investigated was 
based on the proportionate area of urban development within the Brisbane region 
located on each of the different soil types. 
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In the initial phase of the investigation, the majority of the systems evaluated were 
septic tanks. However, a small number of aerobic wastewater treatment systems 
(AWTS) were also included. The primary aim was to compare the effluent quality of 
systems employing different generic treatment processes. 
 
It is important to note that the number of each different type of system investigated was 
relatively small. Consequently, this does not permit a statistical analysis to be 
undertaken of the results obtained for comparing different systems. This is an important 
issue considering the large number of soil physico-chemical parameters and landscape 
factors that can influence treatment performance and their wide variability. 
 
The report 
This report is the last in a series of three reports focussing on the performance 
evaluation of onsite treatment of sewage. The research project was initiated at the 
request of the Brisbane City Council. The project component discussed in the current 
report outlines the detailed soil investigations undertaken at a selected number of sites.  
 
In the initial field sampling, a number of soil chemical properties were assessed as 
indicators to investigate the extent of effluent flow and to help understand what soil 
factors renovate the applied effluent. The soil profile attributes, especially texture, 
structure and moisture regime were examined more in an engineering sense to 
determine the effect of movement of water into and through the soil.  
 
It is important to note that it is not only the physical characteristics, but also the 
chemical characteristics of the soil as well as landscape factors play a key role in the 
effluent renovation process. In order to understand the complex processes taking place 
in a subsurface effluent disposal area, influential parameters were identified using soil 
chemical concepts. Accordingly, the primary focus of this final phase of the research 
project was to identify linkages between various soil chemical parameters and landscape 
patterns and their contribution to the effluent renovation process. The research outcomes 
will contribute to the development of robust criteria for evaluating the performance of 
subsurface effluent disposal systems. 
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The outcomes  
The key findings from the soil investigations undertaken are: 
 Effluent renovation is primarily undertaken by a combination of various soil 
physico-chemical parameters and landscape factors, thereby making the effluent 
renovation processes strongly site dependent.  
 Decisions regarding site suitability for effluent disposal should not be based purely 
in terms of the soil type. A number of other factors such as the site location in the 
catena, the drainage characteristics and other physical and chemical characteristics, 
also exert a strong influence on site suitability.  
 Sites, which are difficult to characterise in terms of suitability for effluent disposal, 
will require a detailed soil physical and chemical analysis to be undertaken to a  
minimum depth of at least 1.2 m. 
 The Ca:Mg ratio and Exchangeable Sodium Percentage are important parameters in 
soil suitability assessment. A Ca:Mg ratio of less than 0.5 would generally indicate a 
high ESP. This in turn would mean that Na and possibly Mg are the dominant 
exchangeable cations, leading to probable clay dispersion.  
 A Ca:Mg ratio greater than 0.5 would generally indicate a low ESP in the profile, 
which in turn indicates increased soil stability.  
 In higher clay percentage soils, low ESP can have a significant effect. 
 The presence of high exchangeable Na can be counteracted by the presence of 
swelling clays, and an exchange complex co-dominated by exchangeable Ca and 
exchangeable Mg. This aids absorption of cations at depth, thereby reducing the 
likelihood of dispersion.  
 Salt is continually added to the soil by the effluent and problems may arise if the 
added salts accumulate to a concentration that is harmful to the soil structure. Under 
such conditions, good drainage is essential in order to allow continuous movement 
of water and salt through the profile. Therefore, for a site to be sustainable, it would 
have a maximum application rate of effluent. This would be dependent on 
subsurface characteristics and the surface area available for effluent disposal.  
 The dosing regime for effluent disposal can play a significant role in the prevention 
of salt accumulation in the case of poorly draining sites. Though intermittent dosing 
was not considered satisfactory for the removal of the clogging mat layer, it has 
positive attributes in the context of removal of accumulated salts in the soil.  
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Performance Evaluation of Onsite Sewage Treatment  
Results of Soil Investigations 
 
 
 
1. INTRODUCTION 
 
1.1 Background 
 
Septic tanks are the most common form of domestic onsite sewage treatment and the 
available effluent disposal area is a crucial part of the treatment train. The disposal area 
is the component most susceptible to failure, resulting in unacceptable surface and 
groundwater contamination. Therefore in the interest of safeguarding public health and 
environmental values in an area, careful consideration should be given to the design and 
location of these systems.  
 
Subsurface absorption systems are most commonly used for onsite effluent disposal and 
particularly in the case of septic tanks. This entails a strong dependency on location 
specific parameters such as topography and subsurface soil characteristics. It is 
important that influential location specific factors are taken into consideration in the 
design and location of subsurface effluent disposal systems. This requires an in-depth 
understanding of the factors that affect effluent renovation. These outcomes would 
assist in the development of performance based planning and management strategies for 
onsite sewage treatment. Such a performance strategy would help to reduce the 
uncertainty inherent in the prescriptive strategies currently in use. 
 
 
1.2 Background to the Report 
 
This report is the last in a series of three reports focussing on the performance 
evaluation of onsite treatment of sewage. The research project was initiated at the 
request of the Brisbane City Council. The work undertaken included site investigation 
and testing of sewage effluent and soil profile samples.  
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The project component discussed in the current report relates to the results obtained 
from detailed soil investigations. The first report provided an evaluation of current 
research relating to onsite sewage treatment and the second report provided details of 
the field investigations and an evaluation of the results obtained from the effluent 
sampling program. 
 
 
1.3 Report Objectives 
 
The behaviour of a soil absorption system in the treatment of sewage effluent 
renovation is inherently complex. The processes taking place and the degree of 
influence exerted by various parameters is highly variable. In the evaluation of 
treatment performance of soil absorption systems, it is essential that the primary factors 
governing these processes are identified and important relationships defined. 
 
The current report highlights the crucial role played by soil physico-chemical 
characteristics and landscape factors in effluent renovation. It provides guidance in 
identifying the influential parameters for determining site suitability for effluent 
disposal. The investigations undertaken are detailed and areas, which require further 
research, have been discussed. 
 
 
1.4 Scope and Outline of the Report 
 
Primarily, the report contains the results of the soil investigation program and 
subsequent laboratory analysis undertaken. Chapter 2 provides a brief overview of the 
overall research project. Chapter 3 discusses the detailed control sample test program 
including its objectives and rationale, site and parameter selection. A detailed discussion 
of the results derived from the experimental investigations is provided in Chapter 4. 
Chapter 5 provides a concise summary of the key findings derived from this component 
of the research program and Chapter 6 details conclusions and recommendations for 
further research.  
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2. BRIEF OVERVIEW OF THE RESEARCH PROJECT 
 
Figure 1 provides a schematic outline of the overall research project indicating the main 
activities undertaken. It has been divided into three phases as indicated. The current 
report relates to the third and final phase of the project. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1 – Outline of the research project 
 
Ph
as
e 
1 
Ph
as
e 
2 
Ph
as
e
3
Evaluation of current 
research 
Report 1 
Site selection 
Initial field monitoring 
Evaluate data and develop 
preliminary conclusions
Scope soil investigations 
to be undertaken
Identify influential soil 
parameters 
Report 2 Select sites for further 
investigation
Detailed soil 
investigations
Identify linkages between 
parameters
Identify soil criteria for 
performance evaluation
Relate effluent treatment 
to soil characteristics
Report 3
 4 
 
2.1 Overall Project Objectives 
 
The primary aims of the research project were: 
 to relate treatment performance of onsite sewage treatment systems to site 
conditions; 
 to evaluate current research relating to onsite sewage treatment and to identify 
important areas where there is currently a lack of relevant research. 
 
These tasks were undertaken with the objective of facilitating the development of 
performance based planning and management strategies for onsite sewage treatment. In 
the evaluation undertaken, the treatment performance of effluent disposal systems has 
been related to the physico-chemical characteristics of the soil and landscape factors. 
Five broad categories of soil types in accordance with the ‘Great Soil Groups’ defined 
by Beckmann et al. (1987) has been considered for this purpose. The number of systems 
investigated was based on the proportionate area of urban development located on each 
soil type as determined by Tomlin (1999).  
 
It should be noted that the number of systems studied is not statistically significant to 
draw definitive conclusions. This is an important aspect in this study, considering the 
large number of parameters that can influence treatment performance and the associated 
wide variability. The results of the study should be used for purposes of guidance and 
for identifying areas requiring further investigation. 
 
 
2.2 Summary of Report 2 
 
The initial testing program discussed in Report 2 was formulated to investigate the 
influence exerted by soil parameters on the removal of various contaminants in sewage 
effluent. Its primary objectives were: 
 to determine the change in effluent properties due to contact with the soil; 
 to understand the effluent renovation capacity of different soil types; 
 to identify the primary soil physico-chemical parameters governing effluent 
renovation. 
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The work undertaken included site investigation and testing of sewage effluent and soil 
samples taken at distances of 1 and 3 m away from the effluent disposal area. A total of 
22 sites in 21 different locations were monitored. The results obtained helped to identify 
the main soil parameters that influence effluent treatment in subsurface disposal 
systems. This data acted as the trigger for the more detailed soil investigations reported 
here. Primarily, this report contained the results of the field monitoring program, the 
initial analysis undertaken and preliminary conclusions. 
 
In addition, to collecting effluent and soil samples from each site, a detailed field 
investigation including a series of house owner interviews was also undertaken. Site 
attribute observations were made during the field investigations. In addition to site 
specific observations, the general observations include the following: 
 Most house owners are unaware of the need for regular maintenance. Sludge 
removal has not been undertaken in recent years in any of the septic tanks 
monitored.  
 In the case of separate greywater systems, only one site had a suitably functioning 
disposal arrangement. The general practice was to employ a garden hose to siphon 
the greywater for use in surface irrigation of the garden. 
 In most sites, the soil profile showed significant lateral percolation of effluent. As 
such, the flow of effluent to surface water bodies is a distinct possibility. 
 The need to investigate the subsurface condition to a depth greater than what is 
required for the standard percolation test was clearly evident. As an example, on site 
4, seemingly permeable soil was found to have an underlying impermeable soil 
layer or vice versa as in the case of Site 10. 
 
The important outcomes from the testing program include the following: 
 Though effluent treatment is influenced by the physico-chemical characteristics of 
the soil, it was not possible to distinguish between the treatment performance of 
different soil types. This led to the hypothesis that effluent renovation is 
significantly influenced by the combination of various physico-chemical parameters 
rather than single parameters. This makes the processes involved strongly site 
specific. 
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 In most instances, the improvement in effluent quality appears to take place only 
within the initial 1 m of travel beyond the disposal bed without any appreciable 
improvement thereafter. This finding relates only to the degree of improvement 
obtained and does not imply that this quality is satisfactory. This result calls into 
question the feasibility of adopting standard setback distances from sensitive water 
bodies. 
 Use of AWTS for sewage treatment may provide effluent of higher quality suitable 
for surface disposal. However on the whole, after a 1-3 m of travel through the 
subsurface, it is not possible to distinguish any significant differences in quality 
between those originating from septic tanks and AWTS. 
 The downward flow of effluent and leaching of the soil profile is evident in the case 
of podsolic, lithosol and krasnozem soils. Lateral flow of effluent is evident in the 
case of prairie soils. Results for gleyed podsolic soils indicated poor drainage and 
ponding of effluent on the surface. 
 
 
3. SOIL INVESTIGATION PROGRAM 
 
3.1 Rationale 
 
There are two inherent difficulties associated with understanding and defining the 
performance of subsurface effluent disposal systems. Firstly, it is the difficulty in 
evaluating treatment performance due to the crucial role played by the soil column. The 
complexity of the processes involved, the large number of influential parameters and 
their wide variability makes monitoring results difficult to interpret. The quality of the 
effluent being discharged from the septic tank chamber is an important factor. However 
in reality this relates back to the ability of the soil column to treat effluent of a particular 
quality as discussed in Report 1. 
 
Secondly, it is the difficulty in defining the failure of an effluent disposal system. The 
general tendency is to interpret failure visually. Surface ‘break-out’ of effluent is the 
most commonly regarded indicator of failure of a system. The surface flow of 
inadequately treated effluent causes major concerns. However it must be noted that the 
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flow of inadequately treated effluent can also take place through the subsurface. This 
could be due to existing soil conditions or high groundwater table and would not be 
visible, but it is equal concern. This situation is of even greater concern due to its 
insidious nature (DeBorde et al. 1998; Geary 1992; Hagedorn 1981; Yates 1985). 
 
The consequences of contamination due to inadequately treated effluent can be very 
serious and can result in widespread health and environmental impacts (Ryan v Great 
Lakes Shire Council 1999 FCA 177). Furthermore these impacts are gradual and not 
immediately visible. The dependency on visual factors such as surface ‘break-out’ of 
effluent from a subsurface disposal system is not always feasible. It could well be that a 
system had failed at a particular site with partially treated effluent percolating into the 
groundwater rather than resulting in the surface appearance of effluent (Bouma et al. 
1972). Under these circumstances the subsurface soil characteristics play a crucial role 
in defining the performance of a onsite sewage treatment system. It is important that the 
performance of a system is evaluated in terms of influential soil and landscape factors 
within a minimum 1.2 m depth of the soil profile. 
 
These findings translates to the adoption of a performance based strategy to ensure the 
viability of subsurface effluent disposal systems. In order to develop a strategy of this 
nature, a comprehensive understanding of the parameters that influence effluent 
renovation and the linkages between these parameters in defining system performance is 
needed. The current project strives to fulfil this requirement. 
 
 
3.2 Objectives 
 
The results obtained from the initial phase of the project discussed in Report 2 identified 
the major physical and chemical soil parameters that influence effluent treatment in 
subsurface disposal systems. Based on the initial results obtained, a more detailed 
investigation was subsequently formulated and implemented to develop an in-depth 
understanding of the role played by soil physico-chemical characteristics and landscape 
factors in effluent renovation. The primary objectives of this component of the program 
were:  
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 to identify linkages between influential soil parameters; 
 to  relate effluent treatment to soil and site characteristics; and, 
 to provide guidance for the development of robust criteria for evaluating the 
performance of subsurface disposal systems. 
 
 
3.3 Site Selection 
 
Using the soil classification developed by Beckmann et al. (1987), Tomlin (1999) has 
provided an estimate of the predominance of different soil groups in the urbanised area 
in Brisbane as given in Table 1. Site selection for the detailed soil investigation was 
based on criteria outlined in Table 2 with six sites selected for detailed chemical 
analysis of control samples. This was to supplement the soil analysis undertaken at the 
piezometer sites located 1 and 3 m away from the effluent disposal area. The sites 
selected were among the sites that were included in the effluent monitoring program 
discussed in Report 2. Other factors that influenced site selection included, known or 
suspected failure of disposal systems as well as known efficiently functioning systems. 
The six chosen sites included three red/yellow podsolic sites, one prairie soil, one 
lithosol and one krasnozem.  
 
Table 1 – Predominance of different soil groups in the Brisbane urbanised area 
(Tomlin 1999) 
Great Soil Group Fraction of Urbanised Brisbane 
Lithosols 7% 
Prairie Soils and Black Earths 5% 
Red Earths and Krasnozems 12% 
Red and Yellow Podsolics 74% 
Gleyed Podsolic and Humic Gleys 2% 
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Table 2 – Site selection criteria 
Criteria Comments 
Soil group The location within a specific soil group was an important criteria. 
Soil profile Needed to be a variety of soil profiles including: 
 lighter textured ‘A’ horizon and heavy clay ‘B’ horizon  
 low nutrient holding profile. 
 high nutrient holding profile 
 profile showing mottling in ‘B’ horizon 
 highly leached profile. 
Soil 
permeability 
Needed to include a range of permeabilities from very low to high. 
Soil profile 
drainage 
Needed to be located in drainage profiles ranging from well 
drained soils to poorly drained soils. 
Soil sequence In a landscape pattern or catena, the location of a site is important. 
Soil towards the top of slopes are likely to be more leached and 
well drained, whilst the soils close to the base of slopes would 
have been formed by soil movement. These would have poor 
drainage and the soil horizon thickness would be greater. 
 
Table 3 provides summary details of the selected sites and Figure 2 indicates their 
location. Appendix A provides details of site locations.  
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Table 3 – Summary details of selected sites 
Site 
Noa 
Suburb System 
type 
Wastewater 
handled 
Effluent 
disposal 
Greywater 
disposal 
Age No. of 
Persons 
Soil 
Landscapeb 
Dominant 
Soil Group 
1 Pinjarra Hills Septic Blackwater  Trench Garden 
irrigation 
4 6 K Yellow  
podsolic 
4 Bellbowrie Envirotechc Black and 
Greywater 
Subsurface 
drip irrigation 
 5 2.5 Je Yellow  
podsolic 
9 Anstead Septic Blackwater  Trench Garden 
irrigation 
4 6 Je Red  
podsolic 
13 Brookfield Septicd Blackwater Trench Garden 
irrigation 
4.5 2 Br Prairie soil 
18 Upper 
Kedron 
Septicd Black and 
greywater 
Trench  14 2 MCo Gravelly 
lithosol 
21 Bridgeman 
Downs 
Septic Blackwater  Trench Garden 
irrigation 
4 2 As Krasnozem 
 
a the Site No. given is from Table 3 of Report 2 
b soil landscape symbol as per Beckmann et al (1987).  
See Appendix B for full list 
c proprietary system 
d tank water supply 
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Figure 2 – Location of selected sites 
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3.4 Soil Profile Evaluation 
 
A soil profile develops as the weathering front penetrates more deeply into the parent 
material while organic matter residues accumulate on the surface layer. These processes 
are dependent on climate, parent material, topography, microorganisms present and 
time. In the Brisbane area, the most important factor determining the type of soil 
formed, is the parent material. It determines the texture, which can develop, and 
provides the mineral make up that largely determine soil physical and chemical 
properties (Beckmann et al 1987). Next in importance as a differentiating factor is 
topography, which affects the drainage in the landscape and the energy of the water 
moving over the soil surface and through the soil. 
 
Observation and descriptions of colour, texture and structure can be used to 
qualitatively assess the hydrology of the soil profile whilst the physico-chemical data 
can provide an insight into soil stability and its ability to absorb applied nutrients. A 
‘soil profile evaluation’ undertaken to describe a soil should take into consideration a 
number of landscape features such as: 
 topography - defines the drainage and aeration of the soil and whether there is soil 
movement down a slope 
 climate - temperature, rainfall and evaporation affect profile development through 
leaching and weathering. 
 parent material - exerts the primary control on soil development. 
 profile drainage - based on soil colour and grain size. Poor drainage creates 
anaerobic conditions and can result in mottling. 
 native vegetation - reflects the nutrient status and water availability. 
 colour, texture and structure. 
 biological activity - can impact infiltration and water storage in the soil. 
 
 
3.5 Soil and Additional Effluent Testing 
 
During this stage of the project, soil sampling centred on six control sites outside the 
influence of the disposal field. Sample depths covered every 100 mm of the soil profile 
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to a minimum depth of 1.2 m. Soil samples were classified, noting features such as 
parent material, profile description, topography and profile drainage. Soil profile 
properties including colour, texture, structure and biological activity were also recorded. 
Laboratory soil chemical analysis was undertaken by the Department of Natural 
Resources whilst sample preparation was undertaken at QUT.  
 
The soil testing was carried out only on a representative number of sites for each soil 
type. The criteria adopted for the selection of test sites is discussed in Table 2. The 
results obtained are given in Tables 9 - 11. Appendix D of this report contains details of 
the soil bore logs (for the control sites) already discussed in Report 2. These results 
have been included as they have been further evaluated in this Report. 
 
During the final stage of the testing program, additional effluent sampling from septic 
tank distribution boxes was also carried out to supplement the chloride concentrations 
data obtained previously. Results shown in Appendix E reinforce two key findings from 
the initial phase of testing: 
1. Generally the improvement in effluent quality appear to take place only within 
the initial 1 m of travel. Sites 8 and 13 are good examples in this regard. 
2. Exceptions are Site 9 and 21, where chloride values obtained from the 
piezometers show a significant increase in relation to the distribution box 
concentration, with minimal improvement over distance. Both sites are located 
on flat, poorly drained land and frequent ponding of effluent has been observed. 
The high chloride values indicate that adequate leaching is not taking place 
leading to an accumulation of effluent in the profile. This could also be related 
to the salt accumulation in the soil profile as discussed in Section 4.4. 
 
Water supply samples including tap and tank water from five selected sites were 
analysed to obtain background SAR values. The results obtained are given in Table 4. 
The background values obtained are very low, indicating that the high SAR values in 
the effluent is the result of addition of sodium within the premises. 
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Table 4 – Background SAR values at selected sites 
Location SAR  
Water Supply 
SAR  
Distribution Box 
Site 8 1 3 
Site 9 1 5 
Site 13 0.2* 2 
Site 14 0.2* NA 
Site 21 1 8 
* tank water, all others were reticulated water 
 
 
3.6 Parameter Selection  
 
The selection of soil parameters for evaluation was based on the objectives outlined in 
Section 3.2 above. During the selection process a conscious decision was taken to keep 
the number of parameters to a minimum and to ensure that the data obtained was 
specifically needed to complete the study objectives. The soil parameters identified for 
measurement in the final phase of the study are listed in Table 5 whilst the analytical 
methods adopted in the testing program are given in Tables 6.  
 
In the initial phase of the research project, a number of chemical indicators such as 
electrical conductivity (EC), pH and chloride concentration were employed as indicators 
to investigate the extent of effluent flow and to understand the processes of effluent 
renovation by soil. The soil profile, and particularly texture, structure and moisture 
regime was examined more in an engineering sense to determine the effect of 
movement of water into and through the soil. In the current soil investigations, the 
selected profiles were analysed for their physical and chemical properties. These were 
interpreted and employed as quantitative information needed for confirmation and to 
support the field descriptions. 
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Table 5 - Soil parameters measured at control sites 
Parameter Reasons for selection 
pH Possible indicator of soil chemical properties, effluent travel, ability of soil to renovate effluent. 
electrical conductivity 
Chloride concentration Possible indicators of effluent travel, ability of soil to renovate effluent and health indicators. 
Nitrate concentration 
Clay content Possible indicators of the ability of the soil to renovate and percolate effluent through the soil 
horizon. moisture content 
soil texture and structure 
Organic carbon To determine carbon to nitrogen ratios for surface soils and the overall reservoir of phosphorous in 
the soil as an indicator of nutrient imbalance. Total nitrogen 
Phosphorus 
Exchangeable cations  
calcium ion concentration To calculate the Exchangeable Sodium Percentage (ESP) and Effective Cation Exchange Capacity 
(ECEC) for the soil. These are possible indicators of likely deterioration of the soil structure due to 
effluent discharge.  
magnesium ion concentration 
sodium ion concentration 
potassium ion concentration 
aluminium ion concentration 
 16 
 
Table 6 – Analytical methods adopted for soil sample testing 
Analyte Name Method* Method Description Units 
pH pH IEC-
S4A1 
Aqueous 1:5, electrode --- 
EC Electrical 
Conductivity 
IEC-
S3A1 
Electrical Conductivity 
Aqueous 1:5 
ms/cm 
Cl Chloride IEC-
S5A2 
Aqueous 1:5 soil:water mg/kg 
N Nitrogen IEC-
S7B1 
Aqueous 1:5 as NO3, 
colorimetric 
mg/kg 
P Phosphorus IEC-
S9B2 
0.5M NaHCO3 extr. 
colorimetry 
mg/kg 
Ca Calcium IEC-
S15A1 
Aqueous NH4Cl  
pH 7 
meq/100g 
Mg Magnesium IEC-
S15A1 
Aqueous NH4Cl  
pH 7 
meq/100g 
K Potassium IEC-
S15A1 
Aqueous NH4Cl  
pH 7 
meq/100g 
Al Aluminium IEC-
S15A1 
Exchangeable Aluminium 
1M KCl 
meq/100g 
Na Sodium IEC-
S15A1 
Aqueous NH4Cl  
pH 7 
meq/100g 
OC Organic Carbon IEC-
S6A1 
Walkey & Black 
Colorimetry 
% 
TN Total Nitrogen IEC  - 
S7A2 
Total Nitrogen  
Kjeldahl 
% 
 
Notes: 
* Rayment & Higginson (1992) 
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3.7 Definition of Soil Parameters Investigated 
 
A. Exchangeable sodium percentage (ESP) 
ESP is a measure of the proportion of Na ions present in the soil and is used for 
assessing the likely physical behaviour of soil horizons under irrigation. 
CEC
NaleExchangeabx100ESP

  
At high ESP (>6), soils tend to lose aggregation and to undergo clay dispersion, 
impermeability, surface crusting and poor aeration (Baker & Eldershaw 1993). The 
threshold value of ESP at which the adverse impacts of exchangeable Na becomes 
significant depends on the clay mineralogy and the amount of organic matter present in 
the soil. In soils with a high clay fraction, the threshold ESP value at which clay 
particles becomes dispersive is lowered (Baker & Eldershaw 1993). A number of 
researchers such as Bridge and Probert (1993) and Northcote and Skene (1972), have 
suggested a threshold ESP limit of 6 for clay soils, above which physical problems 
would occur. 
 
B. Ca:Mg ratio 
The Ca:Mg ratio in a soil can be employed to indicate cation distribution, particularly in 
the case when the subsoil is dominated by Mg. An excess of one cation may inhibit the 
uptake of another. The relationship between Ca and Mg can be related to soil physical 
behaviour (Baker & Eldershaw 1993). Emerson (1977) found that ratios less than 0.5 
are associated with soil dispersion. Ca ions tend to aid in flocculation of soils while Na 
ions and possibly Mg ions disperse soils. Mg associated with Na is commonly thought 
to aid soil dispersibility (Emerson & Bakker 1973). Shaw et al (1987) postulated that 
low Ca:Mg ratios in conjunction with high ESP indicate enhanced dispersion. 
 
C. Cation exchange capacity (CEC) and exchangeable cations 
The electrostatic charge developed on soils can be quantified in terms of CEC and is an 
indication of its mineralogy and nutrient holding capacity. The CEC for common soil 
minerals are given in Table 7 (Bridge & Probert 1993). The ions held on the surface are 
exchangeable and can be replaced by other ions added to the soil. Cation exchange is 
important in soils, as it measures the basic nutrient holding capacity (Bell 1993). Bridge 
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and Probert (1993) have noted that soils with low CEC (< 10%) are poor at holding 
cationic nutrients. 
 
Table 7 – Typical cation exchange capacity for soil components  
(adapted from Bridge & Probert 1993) 
Soil Component CEC meq/100 g 
Kaolinites 2 – 15 
Illites (mica types) 20 – 40 
Smectites (montmorillonites) 60 – 120 
Interstratified 10 – 80 
Organic matter 100 – 600 
 
In the case of the exchangeable cations in a soil being predominantly Ca or Mg, the clay 
particles interact or repel each other to only a limited extent and as such the particle 
separations are not large. However, when the proportion of Na ions is appreciable, 
considerably greater swelling is encountered. This leads to a diminution of the 
favourable characteristics conferred on a soil by its macroporosity (Quirk 1971). This 
postulate is supported by the findings of Emerson (1983), that exchangeable Ca has the 
important effect of flocculating individual clay particles and imparting a stable structure 
to the soil through interparticle and interaggregate bonds. This structure creates pore 
space that allows movement of water and air through the soil. Exchangeable Na 
produces undesirable impacts such as crusting and low infiltration, which is related to 
the fact that the ion increases dispersion of the soil colloid. 
 
The routinely measured exchangeable cations are Ca, Mg, Na and K. The first three 
cations exert a significant influence on the soil structure. In neutral to alkaline soils, the 
total CEC equals the sum of the exchangeable cations. However in the case of acidic 
soils (which occupy most of the Brisbane area), the summation should also include the 
exchangeable acidity. Therefore in acidic soils, the traditional methods of measuring 
CEC, using concentrated salt solutions at pH 7 or higher sometimes, yield unrealistic 
results. Modern methods have been developed to determine an effective cation 
exchange capacity appropriate to field conditions. The ‘Effective Cation Exchange 
 19 
 
Capacity’ (ECEC), is being used to characterise acidic soils instead of CEC (Baker & 
Eldershaw 1993). This is defined as: 
ECEC = exchangeable cations + exchangeable acidity 
 = Exchangeable (Ca + Mg + Na + K) + Exchangeable (Al + H) 
 
Baker and Eldershaw (1993) have also noted that the actual values of CEC obtained, 
have limited use in interpreting soil properties and that it may be better used in cross 
checking other soil properties. The current study has also adopted this approach. 
 
D. Clay content 
The particle size distribution of a soil, controls the soil texture. The type and amount of 
clay present influences many soil physical properties such as cracking, swelling, pore 
space and stability. Clay mineral analysis is not commonly undertaken due to cost 
considerations. Generally clay mineralogy is inferred by referring to the soil CEC. Shaw 
et al. (1994) found that soils with high montmorillonite clay content (high CEC and 
those that shrink and swell) can tolerate higher ESP when compared to clay soils with 
limited capacity to shrink and swell. 
 
In gradational profiles, the increasing clay content with depth may result from greater 
exposure to leaching and intense weathering in surface horizons than at depth. The 
movement of clay in virtually impermeable clay subsoils is difficult to imagine. As well 
as the downward movement of fine clay during rainfall events, fine particles can be 
washed down slope, adding finer soils to lower slopes and possibly enriching nutrients. 
 
E. Salinity 
Salinity is a measure of the concentration of soluble salts present in the soil. This refers 
to salts, which are dissolved in the soil water and are free to move down the profile by 
leaching. It is commonly measured as the electrical conductivity (EC) of a soil water 
extract of ratio 1:5. An approximate relationship exists between EC and the Chloride 
percentage (Baker & Eldershaw 1993). 
EC1:5 = 6.64x% Cl 
 
Salt is continually added to the soil by the effluent and problems may arise if the added 
salts accumulate to a concentration that is harmful to the soil structure. This was 
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discussed in detail in Report 2. Establishing a net downward flux of water and salt 
through the soil profile will ensure that salinity does not pose a problem. Under such 
conditions, good drainage is essential in order to allow continuous movement of water 
and salt through the profile.  
 
DNR (1997) notes that the salt content at any depth in the profile can be related to the 
relative rates of evapotranspiration and soil permeability. Therefore the EC profile will 
reflect the hydrology of the soil. The EC profiles for a number of sites including the 
control sites are shown in Figure 3. More detailed discussion of salt profile shapes are 
included in Section 4.2. 
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F. Permeability/drainage characteristics 
Small scale laboratory permeability testing was undertaken to support other physico-
chemical characteristics obtained from various soil groups. It was decided to undertake 
these tests under laboratory conditions in order to eliminate the influence of site 
conditions. The permeability values needed were for different soil types rather than site 
specific values. The permeability values obtained are given in Table 8. 
 
Table 8 – Laboratory permeability results for undisturbed soil samples 
Location Sample Depth (m) permeability 
(mm/day) 
Description 
Site 1 1.2 – 1.32 1730 Jointed rock with clay infill 
Site 4 
 
0.55 – 0.67 27 Sandy clay yellow, grey  
heavy clay texture 
1.1 – 1.2 33 Sandy clay, mottled  
 loam textured 
Site 9 0.60 – 0.72 33 Yellow brown sandy clay 
Heavy clay texture 
Site 10 0.90 –1.10 37 Mottled red brown 
Heavy clay texture 
Site 13 1.1 – 1.24 439 Clayey silt with  some gravel 
Light texture 
Site 21 0.6 – 0.7 15 Red clay with minor mottling 
1.2 – 1.3 20 Mottled grey red clay 
Heavy clay texture 
 
Soils with impermeable ‘B’ horizons and particularly when they occur in an undulating 
landscape can develop a perched watertable, which predisposes to reducing conditions 
and gleying and mottling in the profile. White (1997) has noted that this is a common 
phenomenon in ‘duplex’ soils, red and yellow podsolics on the lowers slopes and 
foothills of the Great Dividing Range in south eastern Australia. Site 4 in the current 
study is a typical example. It is sites of this nature which are problem sites and need 
characterising by a combination of chemical and physical criteria. 
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Generally in undulating landscapes on permeable material, the soils near the top of the 
slope tend to be free draining with the watertable at depth, whilst the soils at the valley 
bottom are poorly drained with the watertable at or near the surface. The succession of 
soils forming under different drainage conditions on relatively uniform parent material 
comprises a hydrological sequence. This is illustrated in Figure 4. As the soil drainage 
deteriorates, the oxidised soil profile is transformed into the mottled and gleyed profile 
of a waterlogged soil. The sequence of soils on a slope described above is an example of 
a catena landscape pattern. This is illustrated in Figure 5.  
 
 
 
 
 
 
 
 
 
 
 
Figure 4 - Hydrological soil sequence (adapted from White 1997) 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5 –Sequence of soils in a landscape catena (adapted from White 1997) 
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A soil profile is subjected to continuous changes to its drainage characteristics due to 
illuviation or migration of fine particles to the lower profile. In addition to the drainage 
modifications due to this process, there is a net movement of soil along the slope. A 
mid-slope site will continually receive soil and solutes from upslope whilst continually 
losing material to sites below. Therefore the location of a site on the catena is an 
important factor in terms of its drainage characteristics. 
 
 
4. RESULTS AND DISCUSSION 
 
4.1 Desirable Soil Physical and Chemical Attributes 
 
The physical and chemical attributes of a soil, which generally would be considered as 
suitable for effluent disposal, would include: 
 good drainage (permeability) to assist the movement of effluent (absorption) in the 
soil profile. 
 high soil cation exchange capacity  
 dominance of exchangeable Ca or exchangeable Mg over exchangeable Na. Though 
a soil dominated by Mg is found to promote dispersion of soil particles to some 
extent, its impact is far less than that of Na. 
 a stable soil with Ca: Mg ratio > 0.5,  
 low exchangeable Na and low exchangeable Na percentage of the total cations of a 
soil 
 uniform bright colours indicating good oxidation and aeration of the soil. 
 
The suitability of a site chosen for effluent disposal is a soil which exhibits most of the 
above mentioned characteristics. Site suitability will also depend on its position within 
the hydrological sequence shown in Figure 4. By determining the soil location, its 
position in the landscape, its slope and other relevant topographic features, it is possible 
to determine whether more detailed investigations should be undertaken. As an 
example, if a soil lies in the upper portion of the landscape and is well drained, soil 
chemistry as a predictive tool adds less value than in the case of soils in the lower 
position in the landscape which exhibit poor drainage. Soils in the lower landscape 
position will certainly need basic soil chemical investigations to assist in 
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characterisation and assessment. From the initial soil chemical characterisation, more 
detailed sampling and laboratory assessment will assist better decision making in the 
determination of site suitability for effluent disposal. Figure 6 below indicates the 
approximate location of the control sites in a sequence of soils from the valley floor to 
hill crests (ie. in a hypothetical catena) 
 
It is advisable that decisions made regarding site suitability for effluent disposal are not 
based on information purely in terms of the soil type. A number of other soil factors 
contribute to and influence site suitability. Preferably site suitability for effluent 
disposal should be classified according to: 
 its location in the catena 
 drainage characteristics including physical parameters 
 chemical characteristics, which may include either basic or detailed analysis, and 
 a classification of soil type. 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 6 – Approximate location of control sites in a hypothetical catena 
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different physico-chemical characteristics (Beckmann et al. 1987). Beckmann et al 
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1. Soils with little profile development: soils mainly of weathered mineral material, 
little altered from its original state and any horizon differentiation is limited to 
darkening of the surface layer. 
Soil landscapes dominated by little profile development include those on alluvial plains 
and mudflats. These are usually deep soils. Those on high hills and steep slopes are of 
soils which are shallow and stony and which are derived from a variety of parent rocks.  
They occur on ridge crests or steep to moderate upper slopes, where continual removal 
of fine earth by erosion limits profile development. The study site is located on the Mt 
Cootha landscape (MCo) and consists of a gravelly Lithosol of loamy to clayey texture 
overlying fragmented and weathered rock at shallow depth. 
 
2. Soils with weak profile differentiation: mainly dark clay soils derived from basalt or 
alluvium and although they show little texture difference they show considerable 
structure and/or colour development below the dark surface layer. 
The soil landscapes of these soils usually occupy low hills of basic igneous rocks, or 
alluvial plains and terraces. The dominant soils being shallow dark clays with dark 
medium to fine textured soils. The Prairie soils generally are of moderate thickness with 
a dark friable loamy surface with a gradual or clear change to brownish yellow clayey 
sub-soils, usually of blocky nature. The study site is located in the Brookfield landscape 
(Br) and is characterised by the description above. 
 
3. Soils with profiles dominated by sesquioxides. Commonly deep, red, well structured  
soils, including both sandy and clayey profiles, which usually become more clayey 
with depth.  
The landscapes with soils dominated by sesquioxides occupy low plateaus and low hills 
and most are composed of deep red clayey or sandy soils, either uniform or with 
progressive texture increase down the profile. Krasnozems are strongly structured, clay 
textured, red acid soils. Horizon differentiation is weak except for the dark ‘A’ horizon 
with strong crumb structure and a zone of strongly mottled red and grey clay in the 
deeper subsoils. The study site is located in the Aspley landscape (As) with the soils 
being derived from Tertiary sediments. The description above is characteristic of the 
site with clay content more than 50% throughout the ‘B’ horizon. 
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4. Soils with markedly differentiated profiles. Soils having distinct contrasts in texture, 
structure and colour between surface and subsoil. 
The landscapes with soils of this type, the Podsolic soils, occupy low hills of 
sedimentary, altered sedimentary rocks and granite. The common features of these soils 
are distinct to prominent horizon contrasts in colour, texture, structure and related 
properties, mainly between the surface and subsoil horizons. Red podsolic soils and 
Yellow podsolic soils are the most common in the Brisbane area. They have pronounced 
texture contrast and a clear to gradual boundary between weakly structured sandy to 
loamy ‘A’ horizons and red or yellow-brown clay ‘B’ horizons of moderate blocky 
structure. The study sites are located in the Jamboree (Je) and Kenmore (K) landscapes 
consisting of yellow podsolics and red podsolics with mottled clay subsoils  
 
5. Soils showing the influence of poor drainage. Both soils with contrasting texture 
profiles and those with uniform profiles are included, but all soils show signs of 
permanent or intermittent saturation of all or parts of their profiles. 
These soils are associated with landscapes of low-lying sites on flood plains and coastal 
plains. They commonly have gley features, dull coloured surface horizons and mottled 
subsoils. Poor drainage is a feature of these soils. The study site is located in the 
Moggill Creek (MCk) landscape and consists of a Gleyed Podsolic with a loamy surface 
horizon and mottled grey and yellow-brown heavy subsoil. No detailed analysis of this 
site was undertaken after initial field investigation. 
 
The research undertaken studied the ability of different soil types to undertake effluent 
renovation. Accordingly, this discussion of the data has been structured on this basis. 
The results obtained from the soil sampling has been analysed individually for each 
control site and according to the performance and effluent renovation capacity of each 
soil type and location. 
 
In this study the results obtained from the soil physical and chemical attributes are given 
in Tables 9 - 11.  
The analyses listed are: 
 Percentage clay content indicating heavy or light soils 
 Soil pH indicating acid to alkaline conditions 
 Conductivity (EC) measuring profile salt content 
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 Available nitrogen 
 Available phosphorus 
 Soil exchangeable cation content eg. Ca, Mg, Na, K, Al 
 Soil organic carbon content 
 Total nitrogen content 
 Various ratios Ca:Mg, C:N 
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Table 9 – Results of soil physical and chemical analysis 
Sample 
Code 
Depth  
(m) 
Soil %Clay pH Conductivity 
(mS/cm) 
Cl 
mg/kg
N 
(mg/kg) 
P 
(mg/kg)
1C 0-0.1 
 
Po
ds
ol
ic
 
5 5.6 0.20 7 2 44 
1C 0.2-0.3 5 6.0 0.15 <1 2  
1C 0.5-0.6 25 6.7 0.12 6 <1  
1C 0.8-0.9 20 7.2 0.09 <1 <1  
1C 1.0-1.1 15 7.3 0.10 <1 <1  
1C 1.1-1.2 15 7.4 0.06 <1 <1  
4C 0.0-0.1  
Po
ds
ol
ic
 
5 5.3 0.12 7 1 19 
4C 0.2-0.4 10 5.3 0.06 <1 <1  
4C 0.5-0.6 50 5.0 0.09 26 <1  
4C 0.8-1.0 15 5.3 0.08 59 <1  
4C 1.0-1.1 15 5.3 0.09 89 2  
9C 0.0-0.1 
 
Po
ds
ol
ic
 
15 5.7 0.14 16 <1 9 
9C 0.2-0.3 20 5.8 0.11 48 <1  
9C 0.5-0.6 60 5.0 0.14 127 <1  
9C 0.8-0.9 65 4.7 0.37 455 <1  
9C 1.0-1.1 75 4.6 0.55 681 <1  
13C 0.0-0.1 
 
Pr
ai
rie
 
5 5.4 0.30 13 <1 63 
13C 0.2-0.3 15 5.8 0.22 11 1  
13C 0.5-0.6 20 5.4 0.11 7 <1  
13C 0.8-0.9 20 5.5 0.07 12 <1  
13C 0.9-1.1 20 6.0 0.08 7 <1  
18C 0.1 
 
Li
th
os
ol
 20 5.1 0.06 26 <1  
18C 0.4 50 4.6 0.07 41 <1  
18C 0.5 40 4.5 0.09 67 <1  
21C 0.0-0.1 
 
K
ra
sn
oz
em
 
20 4.6 0.20 9 <1 39 
21C 0.2-0.4 30 4.6 0.14 18 <1  
21C 0.5-0.6 50 4.3 0.10 46 1  
21C 0.8-1.0 60 4.0 0.10 49 <1  
21C 1.0-1.1 65 4.0 0.09 47 <1  
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Table 10 – Results of soil physical and chemical analysis 
Sample 
Code 
Depth  
(m) 
Soil Ca 
(meq/100g)
Mg 
(meq/100g)
Na 
(meq/100g)
K 
(meq/100g) 
Al  
(meq/100g)
1C 0-0.1 
 
Po
ds
ol
ic
 
12.00 6.40 0.24 0.35 0.00 
1C 0.2-0.3 14.00 9.00 0.32 0.26  
1C 0.5-0.6 19.00 20.00 1.10 0.20  
1C 0.8-0.9 19.00 25.00 2.00 0.19  
1C 1.0-1.1 19.00 28.00 2.40 0.22  
1C 1.1-1.2 16.00 24.00 2.00 0.16  
4C 0.0-0.1  
Po
ds
ol
ic
 
2.50 1.50 0.06 0.40  
4C 0.2-0.4 1.10 0.85 0.06 0.14  
4C 0.5-0.6 0.41 6.50 1.60 0.27  
4C 0.8-1.0 0.58 8.30 2.30 0.35  
4C 1.0-1.1 0.28 13.00 3.50 0.56  
9C 0.0-0.1 
 
Po
ds
ol
ic
 
3.80 3.10 0.28 0.27  
9C 0.2-0.3 2.20 3.70 0.56 0.11  
9C 0.5-0.6 0.91 7.10 1.40 0.09  
9C 0.8-0.9 0.69 9.50 4.10 0.10  
9C 1.0-1.1 0.88 11.00 6.20 0.11  
13C 0.0-0.1 
 
Pr
ai
rie
 
21.00 12.00 0.65 0.28  
13C 0.2-0.3 20.00 9.30 0.53 0.18  
13C 0.5-0.6 21.00 20.00 1.80 0.16  
13C 0.8-0.9 16.00 19.00 4.30 0.16  
13C 0.9-1.1 20.00 24.00 5.70 0.18  
18C 0.1 
 
Li
th
os
ol
 0.70 2.30 0.10 0.20 1.20 
18C 0.4 0.01 7.30 0.44 0.20 4.10 
18C 0.5 0.03 9.70 0.61 0.30 4.40 
21C 0.0-0.1 
 
K
ra
sn
oz
em
 
3.80 2.80 0.19 0.55  
21C 0.2-0.4 2.10 5.50 0.41 0.18  
21C 0.5-0.6 0.47 5.40 0.40 0.15  
21C 0.8-1.0 0.16 6.00 0.42 0.19  
21C 1.0-1.1 0.14 6.30 0.50 0.26  
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Table 11 – Results of soil physical and chemical analysis 
Sample 
Code 
Depth  
(m) 
Soil ECECa
 
ESPb
 
Ca:Mg Ratio Organic 
Carbon % 
Total 
Nitrogen %
C/N 
Ratio 
1C 0-0.1 
 
Po
ds
ol
ic
 
19 1 1.88 1.80 0.15 12.00 
1C 0.2-0.3 24 1 1.56    
1C 0.5-0.6 40 3 0.95    
1C 0.8-0.9 46 4 0.76    
1C 1.0-1.1 50 5 0.68    
1C 1.1-1.2 42 5 0.67    
4C 0.0-0.1 
 
Po
ds
ol
ic
 
4 na 1.67 1.75 0.11 15.91 
4C 0.2-0.4 2 na 1.29    
4C 0.5-0.6 9 18 0.06    
4C 0.8-1.0 12 20 0.07    
4C 1.0-1.1 17 20 0.02    
9C 0.0-0.1 
 
Po
ds
ol
ic
 
7 4 1.23 1.65 0.13 12.69 
9C 0.2-0.3 7 9 0.59    
9C 0.5-0.6 9 15 0.13    
9C 0.8-0.9 14 28 0.07    
9C 1.0-1.1 18 34 0.08    
13C 0.0-0.1  
Pr
ai
rie
 
34 2 1.75 3.15 0.29 10.86 
13C 0.2-0.3 30 2 2.15    
13C 0.5-0.6 43 4 1.05    
13C 0.8-0.9 39 11 0.84    
13C 0.9-1.1 50 11 0.83    
18C 0.1 
 
Li
th
os
ol
 5 2 0.30    
18C 0.4 13 3 0.00    
18C 0.5 17 4 0.00    
21C 0.0-0.1 
 
K
ra
sn
oz
em
 
7 3 1.36 2.15 0.15 14.33 
21C 0.2-0.4 8 5 0.38    
21C 0.5-0.6 6 6 0.09    
21C 0.8-1.0 7 6 0.03    
21C 1.0-1.1 7 7 0.02    
a ESP = exchangeable 100 Na/ECEC 
b ECEC = sum of Total Cations
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4.2.1 Podsolic soils 
The podsolic soils have been subdivided into the following categories based on their 
hydrological  soil sequence: 
 moderately to well drained 
 poorly drained  
 sites difficult to characterise 
 
A. Moderately to well drained soils (Control Site 1) 
In Report 2 it was postulated that effluent flows are essentially downward at Site 1 and 
8 with an increase in the salt concentration with depth. The data for salt concentration in 
the profile is given in Appendix C. The low chloride concentration values and low EC 
values of the control sample indicated that the soil profiles are highly leached. The 
control salt profiles, shown in Figure 3 for these sites, are indicative of highly 
permeable soils and seasonal flushing of small amounts of salt that accumulate on the 
surface. The high EC values obtained for the piezometer sites (Site 1) at the top and 
throughout the ‘B’ horizon may be attributed to the accumulation of salts from effluent 
into the top of the clay horizon encountered at 0.6m. 
 
An undisturbed tube sample taken at 1.2 m depth for laboratory hydraulic conductivity 
testing yielded a very high value of 1.7 m/day. The sample description showed jointed 
rock with clay infill, thus accounting for the high permeability. 
 
The site is described as a well drained yellow podsolic soil. Detailed soil analysis  
showed the Ca:Mg ratio to be above 0.5, indicating favourable soil conditions exist. 
Low ESP and low exchangeable Na support this conclusion. Moderate ECEC values 
indicate the soil will retain cationic nutrients. The exchange complex is co-dominated 
by exchangeable Ca and exchangeable Mg. The pH of the soil is acidic at the surface, 
becoming mildly acid at the top of ‘B’ horizon and more alkaline with depth.  
 
Conclusion 
In terms of effluent disposal, this site can be deemed suitable without the need for soil 
chemical analysis. This is due to good drainage characteristics (permeability) and 
uniform colours within the profile along with its elevated position in the catena. The 
detailed soil chemical analysis undertaken within the study supports this conclusion.  
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B. Poorly drained soils (Control Site 9) 
In the case of Site 9, the salt concentration was found to increase rapidly with depth 
with a relatively low concentration in the ‘A’ horizon to depth of about 0.3 m. This 
indicates that the effluent flow would be both, lateral along the top of the ‘B’ horizon 
and downward. These soils which are under continuous leaching due to percolating 
effluent will undergo slow weathering leading to the formation of clays and its 
illuviation down the profile. Figure 7 illustrates the phenomenon. This clay enrichment 
deeper in the profile will reduce hydraulic conductivity, thereby impeding drainage and 
cause waterlogging. Clay content increases with depth and shows a degree of mottling, 
thus indicating the seasonal depth of wetting. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7 – Illustration of soil weathering (adapted from White 1997) 
 
The control salt profile given in Figure 3 for this site is indicative of a low permeability 
soil in the ‘B’ horizon below 0.6 m. Over long time periods, each small pulse of salt in 
the recharge water builds up the salt concentration bulge shape in the profile.  
 
Undisturbed tube samples taken at 0.7 m depth for laboratory hydraulic conductivity 
testing yielded an expected low value of 30 mm/day. The sample description showed a 
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heavy mottled clay insitu. Mottling or patches of colour with a dominant colour is a 
useful field tool, which helps predict low permeability. 
 
The site is described as a poorly drained red podsolic soil. Detailed soil analysis showed 
the Ca:Mg ratio to be well below 0.5 indicating poor soil conditions exist. ESP is very 
high and exchangeable Na is high indicating the soil will disperse. Low ECEC values 
indicate that the soil is poor at retaining cationic nutrients. The exchange complex is 
dominated by exchangeable Mg increasing with depth. The pH is acidic in the lighter 
textured ‘A’ horizon and becomes strongly acidic in the  heavy clay ‘B’ horizon.  
 
The results of the chemical analysis eg. Ca:Mg ratio < 0.5, high ESP, low ECEC 
indicates that the site is unsuitable for effluent disposal. The surface ‘break-out’ of 
effluent noted in Report 2 is further confirmation of this conclusion.  
 
Conclusion 
It can be predicted that this site and soil type is unsuitable for effluent disposal, without 
having to undertake detailed soil investigations. The poor drainage characteristics (low 
permeability) and mottled soil colours within the profile at 0.5 m depth, along with its 
low position within the landscape provides sufficient evidence. The detailed soil 
analysis supports the prediction. The presence of high sodicity in the ‘B’ horizon 
leading to soil dispersion, poor structure and stability and with exchangeable cations 
dominated by Mg and Na and low Ca:Mg ratio all confirm observations of failure and 
predicted failure. 
 
C. Sites difficult to characterise (Control Site 4) 
The control salt profile shown in Figure 3 for Site 4 is indicative of a moderately 
permeable soil and seasonal flushing of small amounts of salt that accumulate on the 
surface.  
 
Undisturbed tube samples taken at 0.6 m and 1.1 m depth for laboratory hydraulic 
conductivity testing yielded very low values of 30 mm/day. The sample description 
showed moderately permeable sand to 0.6 m depth with clay content increasing beyond 
this depth. Initial auger sampling did not detect the heavy clay layer found at 0.6m 
depth. 
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In the initial soil investigations undertaken and the measurement of EC, chlorides, pH 
and the profile description, there was no indication that this site could pose problems 
with regards to effluent disposal. However under more detailed investigations and 
sampling to a greater subsurface depth (1.2 m), the sub-surface conditions were found to 
be far more complex than what was apparent on the surface soil layer. The problems 
that are posed by this type of site have been discussed in Section 3.6F. This is a clear 
example of the need to undertake detailed site and soil investigations to a depth greater 
than what is currently the practice. A standard in-situ percolation test would have 
yielded favourable values as the clay layer at 0.6 m depth would not have been 
encountered. 
 
Initially the site was described as a yellow podsolic soil with satisfactory drainage 
characteristics. However chemical data analysis did not support this prediction. It 
showed the Ca:Mg ratio to be well below 0.5 indicating poor soil conditions exist. High 
ESP and high exchangeable Na indicate the soil will disperse. Low ECEC values 
indicate that the soil is poor at retaining cationic nutrients. The exchange complex is 
dominated by exchangeable Mg, increasing with depth. The pH is acidic through the 
lighter textured ‘A’ horizon and the clay enriched ‘B’ horizon. 
 
Conclusions 
In terms of effluent disposal, this site could easily be categorised as being suitable due 
to predicted good drainage characteristics from the original profile observation along 
with its mid slope position in the catena. A more detailed examination of the soil profile 
found dull yellow and grey colours indicating periodic waterlogging within the profile 
and typical of duplex soils. Undisturbed tube samples discovered the presence of a 
highly impermeable clayey ‘B’ horizon, which restricted downward effluent 
percolation. The results of the chemical analysis eg. Ca:Mg ratio < 0.5, high ESP, low 
ECEC indicates that the site is unsuitable for effluent disposal. 
 
4.2.2 Lithosols (Control Site 18) 
Comparing the parameter values obtained for the piezometers installed near the disposal 
area with that of the control values, the EC values were generally higher than 
background control levels. The soil chloride values found are very low compared to 
background levels which indicates leaching is occurring in the soil profile. This means 
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that the effluent movement would be primarily downwards. Additionally, Site 18 has 
salt values increasing with depth with concentrations significantly higher than control 
values. This result could be attributed to the deposition of salts by the effluent. Mottling 
was also observed at depth indicating a possible fluctuating water table. In this case it is 
possible that the salt concentration could be moved downwards by rainfall and effluent 
movement or upward with intermittent water table rises. 
 
The site was considered to be a moderately drained lithosol soil with the clay content 
increasing with depth which would account for the increased profile salt accumulation. 
Detailed soil analysis showed that the Ca:Mg ratio is well below 0.5 indicating poor soil 
conditions exist. Low ESP and low exchangeable Na indicate dispersion is unlikely. 
Very low to low ECEC signified that the soil was poor at retaining cationic nutrients. 
The exchange complex is dominated by Mg increasing with depth and also has high 
content of exchangeable Al. The high exchangeable Mg indicates a cation imbalance. 
Exchangeable Ca is very low as is exchangeable Na. There is considerable evidence that 
high exchangeable Mg negatively influences the dispersive impacts similar to high ESP 
(Emerson & Bakker, 1973). The pH is strongly acidic throughout the entire profile. 
 
Conclusion 
In terms of site suitability for effluent disposal, this site was considered to be suitable 
without the need for soil chemical analysis. Moderate drainage characteristics along 
with elevated position within the catena supports this prediction. However the detailed 
soil chemistry clouds this prediction with low Ca:Mg ratio and low exchange capacity 
indicating poor retention of cationic nutrients. Low ESP and high exchangeable Al 
further complicate the picture. The dominance of exchangeable Mg (65% of total 
cations) will significantly influence soil chemical characteristics. On the basis of the 
information available, this could be considered to be a site that is difficult to 
characterise. Further investigations, via deeper borehole analysis is needed to 
characterise the site more accurately, as the soil chemical analysis in the current study 
was carried out only to a depth of 0.5 m. 
 
4.2.3 Prairie Soils (Control Site 13) 
The initial investigations indicated that salt concentration at the piezometer sites to be 
very similar to the background levels with both parameters showing a decrease with 
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depth. This indicates that effluent flow is mainly lateral through the profile. The control 
salt profile for this site as shown in Figure 3 is indicative of moderately permeable soils 
and seasonal flushing of small amounts of salt that accumulate on the surface.   
 
An undisturbed tube sample taken at 1.2 m depth for laboratory hydraulic conductivity 
testing yielded a moderate value of 0.4 m/day. The sample description shows gravelly 
silt, which was estimated to be of moderate permeability. 
 
The site was described as a well drained prairie soil. Detailed soil analysis shows the 
Ca:Mg ratio to be above 0.5 indicating favourable soil conditions. Low ESP and low 
exchangeable Na support this conclusion. High ECEC values would allow the soil to 
retain cationic nutrients. The exchange complex is co-dominated by exchangeable Ca 
and exchangeable Mg. At a depth of 800mm, the exchangeable Na increases the ESP of 
the soil to 11. However, due to the high exchangeable Ca, this does not create a problem 
as the elevated ESP aids absorption of cations at depth. The pH of the soil is acidic at 
the surface, with the acidity decreasing with depth.  
 
Conclusion 
In terms of effluent disposal, this site could be deemed suitable even without the need 
for detailed soil analysis. This is due to the good drainage characteristics and uniform 
bright colours within the profile along with its elevated position within the catena. The 
detailed soil chemistry supports this prediction with high exchange capacity allowing 
the soil to retain cationic nutrients, exchangeable cations dominated by Ca and Mg, high 
Ca:Mg ratios and low ESP. Sodicity increases at depth with ESP of 11, but as Ca:Mg 
ratio is still high and exchangeable Ca and Mg co-dominate, at these levels found 
exchangeable Na would not affect the soil stability. 
 
4.2.4 Krasnozems (Control Site 21) 
Krasnozems commonly have mildly acidic surfaces with acidity increasing with depth. 
The predominantly red colour resulting from oxidised iron compounds generally 
indicate good aeration throughout the profile. As discussed in Report 2, the salt 
concentration at the piezometer sites was low and showed a slight increase with depth. 
It was concluded that the effluent flow was generally downwards and the soil would be 
subject to periodic leaching. 
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The control salt profile shown in Figure 3 for Site 21, is indicative of moderately 
permeable soils and seasonal flushing of small amounts of salt that accumulate at the 
surface due to rainfall and leaching. The degree of salt concentration can also depend on 
rainfall and leaching. 
 
Undisturbed tube samples taken at 0.6 m and 1.2 m depth for laboratory hydraulic 
conductivity testing yielded a very low value of 20 mm/day. The sample descriptions 
showed a medium textured mottled grey and red clay at depth within the profile which 
was estimated to be of low to moderate permeability. Undisturbed tube samples 
indicated the presence of a highly impermeable lower ‘B’ horizon, which restricts 
downward percolation. Due to its location towards the bottom of the catena, clay 
illuviation through the top of the profile would lead to clay enrichment deeper in the 
profile reducing permeability. Originally this site may have exhibited good intake, but 
over time the profile has clogged. 
 
Though krasnozems are generally considered to be freely draining soils, the soil at this 
site does not exhibit this attribute. The detailed soil analysis showed the Ca:Mg ratio to 
be well below 0.5 indicating poor soil conditions. Marginal ESP (6) and low ECEC 
values would mean that the soil is poor at retaining cationic nutrients and dispersive. 
The exchange complex is dominated by exchangeable Mg (> 80% of Total Cations) 
increasing with depth. Exchangeable Ca is very low as is exchangeable Na.  The pH is 
strongly acidic throughout the profile.  
 
Conclusion 
In terms of effluent disposal, this site would require further analysis due to predicted 
moderate drainage characteristics from initial profile observation along with lower slope 
position within the catena. The detailed soil chemistry supports the unsuitability of this 
site with very low Ca:Mg ratio and very low cation exchange capacity. A marginal ESP 
of 7 and the dominance of exchangeable Mg over exchangeable Ca and Na, supports 
this assessment. 
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4.3 Relationships between Parameters  
 
The evaluation of results from the investigations undertaken reveals appreciable 
correlation between a number of significant parameters that influence the performance 
of an effluent disposal area. The following discussion has considered these relationships 
in terms of factors that have bestowed unfavourable and favourable attributes in term of 
effluent absorption and renovation. 
 
4.3.1 Sites with adverse characteristics 
 The Ca:Mg ratio and Exchangeable Sodium Percentage are important parameters in 
soil suitability assessment. A ratio less than 0.5 generally indicates a high ESP. A 
high ESP indicates that Na is the dominant exchangeable cation, leading to probable 
clay dispersion. The permeability of these soils can be correlated directly with the 
clay content and the high exchangeable Na.  
 
 In higher clay percentage soils such as Site 21, even low ESP can have a significant 
effect. This site was thought to be a freely drained Krasnozem, but indicates poor 
soil properties. This includes a Ca:Mg ratio < 0.5, marginal ESP of 7, very high 
exchangeable Mg and low exchangeable Na which indicate unsatisfactory soil 
conditions for effluent disposal. The permeability is very low with mottling 
observed throughout the profile. 
 
 In conjunction with the chemical characteristics of the soil, accurate recording of the 
soils physical characteristics such as colour and texture within the profiles aids in 
evaluating the drainage characteristics at a site. Therefore it is important that 
physical characteristics are also considered together with the chemical 
characteristics in order to characterise a problem site. This would apply to sites, 
which include podsolics with heavy clay ‘B’ horizons, gleyed podsolics and some 
krasnozems. Typical examples are Site 4, 9 and 21 
 
 40 
 
4.3.2 Sites with favourable characteristics 
 A Ca:Mg ratio greater than 0.5 would generally be associated with a low ESP in the 
‘B’ horizon. In turn a low ESP generally indicates that Ca is the dominant 
exchangeable cation leading to increased soil stability. The permeability of these 
soils can be correlated directly with the clay content and they are generally well 
drained.  
 
 Site 13 exhibits a moderate ESP (11) at depth and a high exchangeable Na. However 
the presence of swelling clays (high ECEC> 40me/L) at depth and the co-
dominance of exchangeable Ca and exchangeable Mg, counteract the dispersive 
properties of exchangeable Na. These sites have soils with uniform bright colours 
which is an indication of good oxidation and aeration. Well drained prairie, lithosols 
and podsolic soils are included here. Examples include Sites 1, 13 and 18. 
 
 
4.4. Salt Accumulation  
 
This issue was discussed in detail in Report 2, where it was pointed out that the ratio of 
total dissolved solids to electrical conductivity was less than the value recommended for 
surface irrigation. It indicates a generally high salt content in effluent. A consequence of 
the use of water with high salts, is their accumulation in the soil, which can be harmful 
to the landscape and vegetation. Due to its importance, this issue was further 
investigated. 
 
In most of the control sites, the surface layers generally are more permeable and hence 
exhibit low salt concentration, while at depth restricted flow leads to increased salt 
accumulation. The initial phase of testing indicated that there is salt accumulation 
throughout the soil profiles in most sites after effluent disposal. As shown in Figures 8 – 
10, sites 1, 9 and 18 indicate very high accumulation rates when compared to the control 
values.  
 
In Sites 4, 9 and 21 effluent ponding was observed. These sites exhibit marked salt 
accumulation at the interface of ‘A’ and ‘B’ horizons as shown in Figures 9, 11, 12. 
This brings into question the dosing regime for effluent disposal. The issue of 
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continuous against intermittent dosing was discussed in detail in Report 1 in relation to 
reducing the severity of the clogging mat layer that forms at the interface of the effluent 
disposal trench/bed and the soil. Published research literature which was reviewed did 
not appear to favour intermittent dosing due to a number of reasons which was cited in 
that report.  
 
However in the context of reducing the accumulation of salts in the soil, this issue needs 
to be re-considered. Water percolating through ponded soil tends to flow preferentially 
down the larger channels between aggregates, bypassing much of the salt located in the 
small intraped pores. However if intermittent dosing is practiced, breaks in the leaching 
process will allow time for salts to diffuse into the outer regions of aggregates, where 
they are removed during the next leaching period. These conclusions are supported by 
White (1997) who has noted that intermittent leaching is more efficient at removing 
salts than continuous ponding.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 8 – Site 1 salt profile 
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Figure 9 - Site 9 salt profile 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 10 – Site 18 salt profile 
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Figure 11 – Site 4 salt profile 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 12 – Site 21 salt profile 
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5. SUMMARY OF KEY FINDINGS  
 
The key findings from the investigation undertaken are summarised below: 
1. Effluent renovation is primarily undertaken by a combination of various soil 
physico-chemical parameters and landscape factors. Therefore this makes the 
effluent renovation processes involved strongly site dependent (Section 4.2, 4.4).  
 
2. It is advisable that decisions regarding site suitability for effluent disposal is not 
based purely in terms of the soil type. A number of other factors such as the site 
location, the drainage characteristics and other physical and chemical characteristics 
also exert a strong influence on site suitability. The physical and the chemical 
characteristics are equally important in order to characterise a problem site (Section 
4.1, 4.3.1). 
 
3. To evaluate the suitability of a site, which does not exhibit all of the favourable 
characteristics, its position within the hydrological sequence will need to be 
determined. The site location in the landscape pattern or catena, will dictate whether 
more detailed investigations should be undertaken and whether specialist advice 
should be sought (Section 4.1). 
 
4. Sites which are difficult to characterise in terms of suitability for effluent disposal 
will require a detailed soil physical and chemical analysis to be undertaken to a 
depth of at least 1.2 m (Section 4.2.1C). 
 
5. The Ca:Mg ratio and Exchangeable Sodium Percentage are important soil 
parameters in soil suitability assessment. A  ratio of less than 0.5 would generally 
indicate a high ESP. This in turn would mean that Na and possibly Mg are the 
dominant exchangeable cations leading to probable clay dispersion (Section 4.3.1).  
 
6. A Ca:Mg ratio greater than 0.5 would generally indicate a low ESP in the profile, 
which in turn indicates, increased soil stability (Section 4.3.2).  
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7. In higher clay percentage soils, low ESP can have a significant effect (Section 
4.3.1). 
 
8. The presence of high exchangeable Na can be counteracted by the presence of 
swelling clays, and an exchange complex co-dominated by exchangeable Ca and 
exchangeable Mg. This aids absorption of cations at depth reducing the likelihood of 
dispersion at a site (Section 4.3.2).  
 
9. Salt is continually added to the soil by the effluent and problems may arise if the 
added salts accumulate to a concentration that is harmful in the landscape. Under 
such conditions, good drainage is essential in order to allow continuous movement 
of water and salt through the profile. Therefore, for a site to be sustainable it would 
have a maximum application rate of effluent. This would be dependent on 
subsurface characteristics and the surface area available for effluent disposal. This is 
one of the important parameters that should be taken into account in the design of an 
effluent disposal system (Section 3.7F, 4.4).  
 
10. The dosing regime for effluent disposal can play a significant role in the prevention 
of salt accumulation in the case of poorly drained sites. Though intermittent dosing 
was not considered satisfactory for the removal of the clogging mat layer, it has 
positive attributes in the context of removal of accumulated salts in the soil (Section 
4.4).  
 
 
6. CONCLUSIONS AND RECOMMENDATIONS FOR  
FURTHER RESEARCH 
 
The outcomes from the research project confirm the location specific nature of the 
performance of onsite sewage treatment systems. The importance of soil chemical 
processes can be determined from the fact that in the case of some soil types, the 
processes resulting from the application of effluent to a subsurface disposal field is of a 
similar nature to in-situ weathering and leaching. The quality of effluent being 
discharged and the soil characteristics play a role in defining disposal area behaviour. It 
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is not only the chemical characteristics, but also the soil physical characteristics and 
landscape factors that play a crucial role in this regard.  
 
Considering the complexity of the processes involved and the interactions between 
different parameters, it is important that site suitability is not based purely in terms of 
the soil type. The results of the investigations illustrate the difficulty in characterising a 
site based purely on soil type. Detailed soil physico-chemical investigations are not 
always essential to assess site suitability. Preliminary investigations and the 
identification of the site on the landscape catena would provide guidance with regards to 
its likely behaviour. The need to undertake further investigations could also be 
determined at this stage if the results are inconclusive. The results  of this study 
highlight the need to undertake soil investigations to a minimum depth of 1.2 m, which 
is greater than what is commonly being undertaken at present. 
 
Considering the nature of the outcomes derived from this research and their possible 
wide ranging implications for the management of onsite sewage treatment, further 
detailed investigations is strongly recommended. This particularly refers to the issue of 
accumulation of salts on the soil due to continuous effluent discharge. The issues in 
question are: 
1. It can be surmised that a site would have a maximum application rate of effluent to 
be sustainable. Considering the important design implications involved, the use of 
subsurface characteristics to determine this factor should be investigated. 
2. The role of intermittent effluent discharge in reducing the salt accumulation in the 
soil environment should be investigated, whilst taking into consideration any 
possible impacts on the clogging mat. 
3. Background SAR levels of the water supply measured at five sites indicated that 
these were not significant and that the high values are the result of householder 
contributions into the system. As this is a common problem with important 
implications, the significance of SAR levels in the effluent, ESP levels in the soil 
and their threshold values for different soil types should be investigated. 
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APPENDIX A 
 
SITE LAYOUTS 
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Site   1 Location: Pinjarra Hills
        Septic Tank              Sullage         Distribution Box                 Tree/Foliage Slope
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Site   4 Location: Bellbowrie
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Site   9 Location: Anstead
        Septic Tank              Sullage         Distribution Box                 Tree/Foliage Slope
Boundary
HOUSE
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 W2
 W1
 Control
 
Site   13 Location: Brookfield
        Septic Tank              Sullage         Distribution Box                 Tree/Foliage Slope
Boundary
HOUSE
Trenches
Flat Lawn Area
 W1
 W2
Control
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Site   18 Location: Upper Kedron
        Septic Tank              Sullage         Distribution Box                 Tree/Foliage Slope
Boundary
Trenches with slotted Domes
Gravel beds
HOUSE
 W1
 W2
 Control
Thick, low
vegetation cover
Site   21 Location: Bridgeman Downs
        Septic Tank              Sullage         Distribution Box                 Tree/Foliage Slope
Boundary
HOUSE
 W1
Black TrenchesGarden
Wood Chip
Grey water
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Garden
 W2
 Control
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APPENDIX B 
 
SOIL LANDSCAPE SYMBOLS 
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Soil landscape Dominant soil group 
Soils showing little profile development
Low lands     
Logan (L)  Salt marsh (SM) Alluvial soils and saline mud 
Mud flats 
 
(MF) 
High Hills     
Chermside) (Cm)  Mt Cotton (MC) Lithosols 
Enoggera (En)  Priestdale (P) 
Mt Cootha 
 
(MCo)  Pullenvale (PU) 
Soils showing weak profile differentiation
Archerfield (A)  Runcorn (Ru) Black earths and prairie 
soils Brisbane River (Be)  Waterford (Wa) Brookfield (Br) 
 
  
Soils dominated by  sesquioxides   
Aspley (As)  Elphinstone (El) Red earths and Krasnozems 
Birkdale (Bk)  Manly (M) 
Bracken Ridge (BR)  Moggill (Mo) 
Clayfield (Cl)  Redlands (R) 
Corinda 
 
(Co)  Sunnybank (S) 
Soils with markedly differentiated profiles
Beenleigh (B)  Sainford (Sa) Red podsolic 
Boombanna (Bo)  Toowong (T) Yellow podsolic 
Carbrook (Ck)  Witty  (Wy) Red-yellow podsolic soils 
Park Ridge (Pr)  Woodridge (W)  
Nundah (Nu)  
 
  
Soils showing the influence of poor drainage 
Blunder (Bl)  Swamp (Sw) Gleyed podsolics and 
Humic gleys Erapah (E)  Willawong (Wg) Lota (Lt)  Woongoolba (Wo) 
Moggill Creek  (MCk)   
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Control
Piezometer 1
Peizometer 2
200
150
120
90
100
60
1410 
4350 
A
B 1.32m
Trenches
0.8m 
1550
1650
0.8m
C
Jointed Shale
Chloride Profile (mg/Kg)
Piezometer 2
Piezometer 1
Control
7.4
<1
6.4
<1
<1
<1
6.9 
6 
4.3
7
A
B 1.32m
Trenches
0.8m
0.8m
C
Site 1 - Soil sampling results
Suburb:  Pinjarra Hills 
Soil Type:  Yellow podsolic 
System:  Septic 
Effluent:  Blackwater 
 
Note:  values plotted are for different  
sampling depths 
 
 horizon boundary 
 tentative horizon boundary 
Conductivity Profile (S/cm) 
Conductivity Profile (S/cm) 
Control
Piezometer 1
Piezometer 2
120
60
90
80
90
256
117
245
121
120
88
308
242
A
B
SAND
MOUND
1.2m
0.9m
1.0m
C
Chloride Profile (mg/Kg)
Piezometer 2
Piezometer 1
Control
7.3
<1
26
59
89
3.3
5.9
15 
8.2
6.8
4.7
36
37
A
B
SAND
MOUND
1.2m
0.9m
1.0m
C
Site 4 - Soil sampling results
Suburb:  Bellbowrie 
Soil Type:  Yellow podsolic 
System:  Envirotech 
Effluent:  Black and greywater 
 
Note: values plotted are for different 
Sampling depths 
 
 horizon boundary 
 tentative horizon boundary 
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Conductivity Profile (S/cm)
Control
Piezometer 1
Piezometer 2
140
110
140
370
55
1077 
1620 
953 1790
2241
528
1330
1123
A
B
1.1m
1.0m
1.0m
Trenches
Chloride Profile (mg/Kg)
Piezometer 2
Piezometer 1
Control
15.5
47.5
127
455
681
39 
610
810
70
21
460
470
720
A
B
1.1m
1.0m
1.0m
Trenches
Site 9 - Soil sampling results
Suburb:  Anstead  
Soil Type:  Red/yellow Podsolic 
System:  Septic  
Effluent:  Blackwater 
 
Note:  values plotted are for different  
sampling depths 
 
 horizon boundary 
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Conductivity Profile (S/cm)
Control
Piezometer 1
Piezometer 2
300
220
100
70
80
325
212
136
97 
278
198
124
A
B
1.2m
1.0m
0.8m
Weathered Spillite
Trenches
Chloride Profile (mg/Kg)
Piezometer 2
Piezometer 1
Control
13.3
10.9
6.9
12
7
3.3
1.5
1.2
2.2
2.1
1.9
1.3
A
B
Trenches
1.2m
1.0m
0.8m
Weathered Spillite
Figure 28 - Site 13:  Soil sampling results
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  Suburb:  Brookfield  
Soil Type:  Prairie soil 
System:  Septic 
Effluent:  Blackwater 
 
 
Note:  values plotted are for different  
sampling depths 
 
 horizon boundary 
 tentative horizon boundary 
Conductivity Profile (S/cm)
Control
Piezometer 1
Piezometer  2
150
70
70
90
50
2041 
1221 
5000 
5140 
751
1104
1698
A
B
Trenches
0.9m
0.85m
0.8m
Weathered Phyllite
Chloride Profile (mg/Kg)
Piezometer  2
Piezometer 1
Control
30.7
12.6
13.7
35.7
12.4
4.1
4.8
8.3
12
4.1
4.2
4.2
A
B
0.9m
0.85m
Trenches
0.8m
Weathered Phyllite
Site 18 - Soil sampling results
uburb: Up er Kedron 
Soil Type: Lithosol 
System:  Septic 
Effluent:  Black and greywater 
 
 
Note: values plotted are different  
sampling depths 
 
 horizon boundary 
 tentative horizon boundary 
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Conductivity Profile (S/cm)
Control
Piezometer 1
Piezometer 2
200
140
100
100
90
129
261
205
213
120
214
169
200
A
B
Trenches
1.3m
1.2m
1.2m
Mottling present
Chloride Profile (mg/Kg)
Piezometer  2
Piezometer 1
Control
8.9
18
46
49
47
17 
25 
46 
61 
18
16
31
53
A
B
Trenches
1.3m
1.2m
1.2m
Mottling present
Site 21 - Soil sampling results
Suburb:  Bridgeman Downs 
Soil Type:  Krasnozems 
System:  Septic 
Effluent:  Blackwater 
 
 
Note:  values plotted are for different  
sampling depths 
 
horizon boundary 
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Borehole Log : Site 1                Pinjarra Hills   
    
 Date :  2/12/1999 Drill Tool     : 100mm Hand Auger 
 Location :  Above distribution box Soil Type     :  K  
 Geology :  Neranleigh-Fernvale Soil Profile  :  Yellow Podsolic 
 Well Number :  Control System        :  Septic Tank 
Depth          Sample Number Soil Decription Horizon Moisture pH Conductivity Cl ESP Comments
(m)  Profile  s/cm  
  Brown silty loam with some        
 PH / MO / 2546 / CS rock fragments A  17% 5.6 200 7.4 1 
0.1 0-0.1 Dry        
  Brown silty loam with minor        
 PH / MO / 2546 / CS rock fragments A  18% 6.0 150 <1 1 
0.3 0.2-0.3 Dry        
  Brown clayey silt        
 PH / MO / 2546 / CS Loamy texture A  24%     
0.4 0.3-0.4 Moist        
  Brown silty clay with some         
 PH / MO / 2546 / CS rock fragments B  30% 6.7 120 6.4 3 
0.6 0.5-0.6 Loamy texture  Moist  (OMC)       
  Yellow brown silty clay        
 PH / MO / 2546 / CS Loamy texture B  26%     
0.7 0.6-.07 Moist        
  Yellow brown silty clay        
 PH / MO / 2546 / CS Loamy texture      C  25% 7.2 90 <1 4 
0.9 0.8-0.9 Residual soil         Moist        
  Yellow brown silty clay        
 PH / MO / 2546 / CS Loamy texture C  21% 7.3 100 <1 5 
1.1 1.0-1.1         
  Yellow brown silty clay        
 PH / MO / 2546 / CS Loamy texture      C  15% 7.4 60 <1 5 
1.2 1.1-1.2 Residual soil with rock frag.        
 PH / MO / 2546 / CS Jointed Rock with clay infill        
1.32 1.2-1.32  TUBE          ksat = 1730 mm/day 
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Borehole Log : Site 4                Bellbowrie   
    
 Date :  1/12/1999 Drill Tool     : 100mm Hand Auger  
 Location :  Adjacent to house Soil Type     :  Je  
 Geology :  Sandstone Soil Profile  :  Red yellow podsolic  
 Well Number :  Control System        :  Envirotech  
    
Depth          Sample Number Soil Decription Horizon Moisture pH Conductivity Cl ESP Comments
(m)  Profile s/cm  
 BE / BI / 9 / CS Brown Loam A1  7% 5.3 120 7.3   
0.1 0-0.1 m          
 BE / BI / 9 / CS Brown yellow sandy loam A1  5% 5.3 60 <1   
0.3 0.2-0.3 m          
  Yellow brown clayey sand         
 BE / BI / 9 / CS Light texture A2  12%      
 0.3-0.5 m          
0.5           
 BE / BI / 9 / CS Yellow brown sandy clay B1  17% 5.0 90 25.9 18  
0.6 0.5-0.6 m Medium texture        ksat = 26 mm/day 
  Yellow brown clayey sand         
 BE / BI / 9 / CS Light texture B2  12%      
 0.6-0.8 m          
0.8           
 BE / BI / 9 / CS Yellow brown clayey sand B2 12% 5.3 80 58.5 20  
0.9 0.8-0.9 m Light texture         
 BE / BI / 9 / CS Yellow brown clayey sand B2  15% 5.3 90 88.8 20  
1.1 1.0-1.1 m Light texture with some rock frag.         
 BE / BI / 9 / CS Yellow brown clayey sand C  Impermeable rock layer 
1.2 TUBE 1.1-1.2 m Light texture with some rock frag.  ksat = 33 mm/day 
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Borehole Log : Site 9                Anstead   
    
 Date :  1/12/1999 Drill Tool     : 100mm Hand Auger  
 Location :  Near carport Soil Type     :  Je  
 Geology :  Witty Gravel Alluvium Soil Profile  :  Red Podsolic  
 Well Number :  Control System        :  Septic Tank  
    
Depth          Sample Number Soil Decription Horizon Moisture pH Conductivity Cl ESP Comments
(m)  Profile s/cm  
 AN / ES / 24 / CS Brown Loam A1  9% 5.7 140 15.5 4  
0.1 0-0.1 Light texture         
  Brown Loamy Clay         
 AN / ES / 24 / CS Light - Medium texture A2  10% 5.8 110 47.5 9  
 0.1-0.3          
0.3           
  Red brown clay         
 AN / ES / 24 / CS Medium B1  18%      
 0.3-0.5          
0.5           
 AN / ES / 24 / CS Red brown clay B1  16% 5.0 140 126.8 15  
0.6 0.5-0.6 Medium texture         
 AN / ES / 24 / CS Red brown mottled clay B1       Impermeable clay layer 
0.72 TUBE 0.6-0.72 Heavy    Moist        ksat = 33 mm/day 
 AN / ES / 24 / CS Red brown mottled clay B1  20% 4.7 370 454.5 28  
0.9 0.8-0.9 Heavy    Moist         
 AN / ES / 24 / CS Red brown mottled clay B1  23% 4.6 55 680.9 34  
1.1 1.0-1.1 Heavy    Moist         
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Borehole Log : Site 10                Anstead   
    
 Date :  2/12/1999 Drill Tool     : 100mm Hand Auger  
 Location :  Beside house Soil Type     :  MCK  
 Geology : Alluvium Soil Profile  :  Gleyed Podsolic  
 Well Number :  Control System        :  Septic Tank  
    
Depth          Sample Number Soil Decription Horizon Moisture pH Conductivity Cl ESP Comments
(m)  Profile s/cm  
 AN / MT / 458 / CS Dark grey clayey loam A  27% 6.7 70 30   
0.1 0-0.1 Moist         
 AN / MT / 458 / CS Brown silty clay B  33%      
0.3 0.2-0.3 Medium         Wet         
  Brown silty clay         
 AN / MT / 458 / CS Heay texture B  35% 5.4 60 37   
 0.3-0.5          
0.5           
 AN / MT / 458 / CS Brown silty clay B  35% 5.2 290 75   
0.6 0.5-0.6 Heavy with some mottling         
 AN / MT / 458 / CS Brown silty clay B  35% 5.2 220 94   
0.8 0.7-0.8 Heavy texture         
  Brown silty clay B        
 AN / MT / 458 / CS Heavy texture        Impermeable clay layer 
1.1 TUBE 0.9-1.1         ksat = 37 mm/day 
 AN / MT / 458 / CS Brown sandy clay B3  32% 5.5 140 117   
1.2 1.1-1.2 Light texture         
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Borehole Log : Site 13                Brookfield  
   
 Date :  2/12/1999 Drill Tool     : 100mm Hand Auger  
 Location :  Side of Hill Soil Type     :  Br  
 Geology :  Neranleigh-Fernvale Soil Profile  :  Prairie Soil  
 Well Number :  Control System        :  Septic Tank  
   
Depth          Sample Number Soil Decription Horizon Moisture pH Conductivity Cl ESP Comments
(m)  Profile s/cm  
 BR / MC / 65 / CS Brown silty sand A  19% 5.4 300 13.3 2  
0.1 0-0.1 Light texture             Dry         
 BR / MC / 65 / CS Red brown silty sand A  21% 5.8 220 10.9 2  
0.3 0.2-0.3 Light texture             Moist         
 BR / MC / 65 / CS Red brown sandy clay B  24%      
0.5 0.4-0.5 Medium texture       Moist         
 BR / MC / 65 / CS Mottled red brown sandy clay B  29% 5.4 110 6.9 4  
0.6 0.5-0.6 Light - Medium texture   Moist         
 BR / MC / 65 / CS Yellow brown silty clay B  19%     Clay band about 75mm @ 
0.8 0.7-0.8 Light - Medium texture        700 
 BR / MC / 65 / CS Yellow brown silty clay B  20% 5.5 70 12.0 11  
0.9 0.8-0.9 Light - Medium texture         
  Yellow brown clayey silt          
 BR / MC / 65 / CS Light texture B  20% 6.0 80 7.0 11  
 0.9-1.1          
1.1           
 BR / MC / 65 / CS Yellow brown clayey silt B        
1.2 TUBE1.1-1.2 Light Texture        ksat = 439 mm/day 
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Borehole Log : Site 21                Bridgemean Downs  
   
 Date :  2/12/1999 Drill Tool     : 100mm Hand Auger 
 Location :  Beside house Soil Type     :  As 
 Geology :  Petrie Formation Sandstone Soil Profile  :  Red earth 
 Well Number :  Control System        :  Septic Tank 
   
Depth          Sample Number Soil Decription Horizon Moisture pH Conductivity Cl ESP Comments
(m)  Profile  s/cm  
 BD / BR / 93 / CS Red brown silty sand A  17% 4.6 200 8.9 3 
0.1 0-0.1 Light texture        
 BD / BR / 93 / CS Red brown silty sand A  25%     
0.2 0.1-0.2 Light texture        
  Red clayey silt        
 BD / BR / 93 / CS Loamy texture B1  33% 4.6 140 18.0 5 
 0.2-0.4         
0.4          
 BD / BR / 93 / CS Red clayey silt B1  35%     
0.5 0.4-0.5 Light texture        
 BD / BR / 93 / CS Red clayey silt B1  35% 4.3 100 45.6 6 
0.6 0.5-0.6 Medium texture        
 BD / BR / 93 / CS Red clay with some mottling B2  Sample selected for Laboratory Hydraulic Conductivity Test 
0.7 TUBE 0.6-0.7 Medium texture        ksat = 15 mm/day 
  Mottled grey red clay        
 BD / BR / 93 / CS Blocky structure B2  38% 4.0 100 49.1 6 
 0.8-1.0 Medium texture        
1.0          
 BD / BR / 93 / CS Mottled grey red clay   39% 4.0 90 46.9 7 
1.1 1.0-1.1 Blocky structure    Medium texture B2       
 BD / BR / 93 / CS Grey red mottled clay   Sample selected for Laboratory Hydraulic Conductivity Test 
1.3 TUBE 1.2-1.3 Blocky structure    Medium texture B2       ksat = 20 mm/day 
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Piezometer 2
Piezometer 1
Distribution
       Box
Trenches
Total Organic Carbon ( mg/L)
87
72
32
30
40
17
23
23
Piezometer 2 
Piezometer 1
Trenches
Distribution
BoxTotal Dissolved Solids (mg/L) (
760
600
420
340
460
420
410
470
System: Septic
Effluent: Blackwater
Total N (mg/L)
Note: Values plotted are for different sampling episodes
Site 1 - Effluent Sampling Results 
Soil Type: Yellow Podsolic
Suburb: Pinjarra Hills
Age: 4 years
Piezometer 1
Piezometer 2
Trenches
71
190
2.0
1.7
3.7
2.6
4.6
4.8
Distribution
       Box
 71 
 
 
 
 
  
Chloride  (mg/L)
Pizometer 1
Piezometer  2
Distribution
Box
Trenches
41
37
51
54
Piezometer 2
Piezometer1
Distribution
      Box
TrenchesConductivity (S/cm)
4220
2350
1420
1185
1270
1070
Piezometer 2
Piezometer 1
Trenches
Distribution
Box
pH
8.1
7.8
6.9
6.6
6.9
6.9
Piezometer 2 
Piezometer1
Distribution
      Box
TrenchesFaecal Coliforms (cfu/100 mL)
n.s
>6000
14000
340
120
800
9 
30
40
Site 1 (contd.) - Effluent Sampling Results
Total N (mg/L)
Piezometer 1
Piezometer 2
Envirotech
Tank
Underground trickle feed
Garden
Sand
Filter 43
38
31
24
3.8
4.9
3.8
28
Piezometer 2
Piezometer 1
Envirotech
Tank
Total Organic Carbon (mg/L)
Sand
Filter
Underground trickle feed
Garden
16
18
31
33
55
42
44
34
Note: Values plotted are for different sampling episodes
Site 4 - Effluent Sampling Results
Soil Type: Yellow Podsolic
Suburb: Bellbowrie
System: Septic
Effluent: Black and Greywater 
Age: 5 yrs 
Total Dissolved Solids (mg/L) 
Piezometer 1
Piezometer 2
Envirotech
Tank
Underground trickle feed
Garden
Sand
Filter 560
650
1350
1170
1240
1180 
1020 
1400 
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Chlorid (mg/L)
Piezometer 1
Piezometer 2
Envirotech
     Tank
Sand
Filter
Underground trickle feed
Garden
340
330
230 
440 
Piezometer 2
Piezometer 1
Envirotech
     Tank
Conductivity (s/cm)
Sand
Filter
Underground trickle feed
Garden 17501350
2730
1980
2230
2780
Site 4 (contd.)- Effluent Sampling Results
Piezometer 2
Piezometer 1
Envirotech
     Tank
Faecal Coliforms (cfu/100 mL))
Sand
Filter
Underground trickle feed
Garden n.s>6000
<1
<10
<1
<10 
pH 
Piezometer 1
Piezometer 2
Envirotech
     filter
Underground trickle feed
Garden
Sand
Filter 5.9
5.8
7.2
7.2
7.5
7.1
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Distribution
Total N (mg/L)
Piezometer 1
Piezometer 2
Box
Trenches
240
300
330
ns
24
ns
8.3 
7.9 
6
Note: Values plotted are for different sampling episodes
Site 8 - Blackwate, Effluent Sampling Results
Soil Type: Gravelly Yellow Podsolic
Suburb: Anstead 
System: Septic
Effluent: Blackwater
Age: 2.5 yrs 
Distribution
Total Dissolved Solids (mg/L)
Piezometer 1
Piezometer 2 
Box
Trenches
690
280
680
ns
410
ns
310 
220 
320 
Distribution
Total Organic Carbon (mg/L)
Piezometer 1
Piezometer 2 
Box
Trenches
93
170
100
ns
36
ns
46
99
37
Distribution
Chloride (mg/L)
Piezometer 1
Piezometer 2
Box
Trenches
ns
31
ns
Piezometer 2
Piezometer 1
Distribution
      Box
TrenchesConductivity S/cm)
ns
1160
3610
3490
3270
150 
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Total N (mg/L)
Piezometer 1
Piezometer 2
Distribution
Box
Trenches
170
280
62
43
60
63
14
34
Piezometer 2 
Piezometer 1
Distribution
       Box
TrenchesTotal Organic Carbon (mg/L)
110
180
27
28
29
22
19
22
Soil Type: Red/ Yellow Podsolic
Suburb: Anstead 
System: Septic
Effluent: Blackwater
Note: Values plotted are for different sampling episodes
Site 9 - Effluent Sampling Results
Age: 4 yrs 
Total Dissolved Solids (mg/L)
Piezometer 1
Piezometer 2
Distribution
Box
Trenches
580
820
3230
4280
3000
2270 
3200 
1830 
Chloride (mg/L)
Piezometer1
Piezometer 2
Distribution
Box
Trenches
2300
1600
Piezometer 2 
Piezometer 1
Distribution
      Box
TrenchesConductivity (S/cm)
3360
3000
10060
6370
210
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Total N (mg/L)
Piezometer 1
Piezometer 2
Distribution
Box
Trenches
6.3
28
2.2
5.7
1.7
ns
4.7
ns
Piezometer 2
Piezometer 1
Distribution
       Box
TrenchesTotal Organic Carbon (mg/L)
19
84
17
30
25
ns
35
ns
Soil Type: Prairie Soil
Suburb: Brookfield 
System: Septic
Effluent: Blackwater
Note: Values plotted are for different sampling episodes
Site 13 - Effluent Sampling Results
Age: 4.5 yrs
Total Dissolved Solids (mg/L)
Piezometer 1
Piezometer 2
Distribution
Box
Trenches
400
460
150
190
190
ns
260
ns
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Chloride (mg/L)
Piezometer 1
Piezometer 2
Distribution
Box
Trenches
7.9
8.5
Piezometer 2
Piezometer 1
Distribution
      Box
TrenchesConductivity (S/cm)
1480
1140
770
42 
 79 
 
 
 
 
 
 
 
  Total N (mg/L)
Piezometer 1
Piezometer 2 
Distribution
Box
Trenches
170
320
2.6
2.5
6.5
2.3
2
5.2
Piezometer 2
Piezometer 1
Distribution
       Box
TrenchesTotal Organic Carbon (mg/L)
86
180
37
26
30
28
20
29
Soil Type: GravellyLithosol 
Suburb: Upper Kedron
System: Septic
Effluent: Black and Greywater 
Note: Values plotted are for different sampling episodes
Site 18 - Effluent Sampling Results 
Age: 14 yrs 
Total dissolved Solids (mg/L)
Piezometer 1
Piezometer 2
Distribution
Box
Trenches
550
720
720
440
590
390
520 
690
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Chloride (mg/L)
Piezometer 1
Piezometer 2
Distribution
Box
Trenches
46
40
36 
30 
Piezometer 2
Piezometer 1
Distribution
      Box
TrenchesConductivity (S/cm)
2070
3010
562
670
1175
374
490
1070 
8.3
7.2
7.3
7.4
6.8
7.6
7 
6.5
Site 18 (contd.)- Effluent Sampling Results
n.s
>6000
>60000
>6000
>6000
>60000
>6000 
>6000 
400 
pH 
Piezometer 1
Piezometer 2
Distribution
Box
Trenches
Faecal Coliforms (cfu/100 mL))
Piezometer 1
Piezometer 2 
Distribution
Box
Trenches
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Total N (mg/L)
Piezometer 1
Piezometer 2
Distribution
Box
Trenches
200
150
220
14
46
18
3.9
6
3.3
Piezometer 2
Piezometer 1
Distribution
       Box
TrenchesTotal Organic Carbon (mg/L)
110
100
130
7
46
7
7
5
8
Distribution
Box
1270
1240
1370
800 
870 
740 
670 
620 
560 
Soil Type: Krasnozems
Suburb: Bridgeman Downs
System: Septic
Effluent: Blac water
Note: Values plotted are for different sampling episodes
Site 21 - Effluent Sampling Results 
Age: 4 yrs 
Total Dissolved Solids (mg/L) 
Piezometer 1
Piezometer 2
Trenches
Chloride (mg/L)
Piezometer 1
Piezometer 2
Distribution
Box
Trenches
340
Piezometer 2
Piezometer 1
Distribution
      Box
TrenchesConductivity (S/cm)
3410
3400
3520
100 
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